We investigated the antibiotic concentration in fresh-frozen femoral head allografts harvested from two groups of living donors. Ten samples were collected from patients with osteoarthritis of the hip and ten from those with a fracture of the neck of the femur scheduled for primary arthroplasty. Cefazolin (1 g) was administered as a pre-operative prophylactic antibiotic. After storage at -80°C for two weeks the pattern of release of cefazolin from morsellised femoral heads was evaluated by an in vitro broth elution assay using high-performance liquid chromatography. The bioactivity of the bone was further determined with an agar disc diffusion and standardised tube dilution bioassay. The results indicated that the fresh-frozen femoral heads contained cefazolin. The morsellised bone released cefazolin for up to four days. The concentration of cefazolin was significantly higher in the heads from patients with osteoarthritis of the hip than in those with a fracture. Also, in bioassays the bone showed inhibitory effects against bacteria.
We investigated the antibiotic concentration in fresh-frozen femoral head allografts harvested from two groups of living donors. Ten samples were collected from patients with osteoarthritis of the hip and ten from those with a fracture of the neck of the femur scheduled for primary arthroplasty. Cefazolin (1 g) was administered as a pre-operative prophylactic antibiotic. After storage at -80°C for two weeks the pattern of release of cefazolin from morsellised femoral heads was evaluated by an in vitro broth elution assay using high-performance liquid chromatography. The bioactivity of the bone was further determined with an agar disc diffusion and standardised tube dilution bioassay. The results indicated that the fresh-frozen femoral heads contained cefazolin. The morsellised bone released cefazolin for up to four days. The concentration of cefazolin was significantly higher in the heads from patients with osteoarthritis of the hip than in those with a fracture. Also, in bioassays the bone showed inhibitory effects against bacteria.
We concluded that allografts of morsellised bone from the femoral head harvested from patients undergoing arthroplasty of the hip contained cefazolin, which had been administered pre-operatively and they exhibited inhibitory effects against bacteria in vitro.
Deep-freezing and irradiation are the two most popular methods of processing allograft bone. 1 Proponents of fresh-frozen grafts cite their improved biological and biomechanical characteristics compared to irradiated material. 1 Femoral heads obtained from cadavers or living donors following arthroplasty of the hip are widely used as fresh-frozen bone allografts. 2 The use of allograft bone impregnated with antibiotics reduces the incidence of infection. 3 Prophylactic administration of antibiotics is recommended for joint arthroplasty, and therapeutic levels can be achieved in most viable tissue, including bone. 4 Therefore, femoral heads harvested from patients at joint arthroplasty may contain antibiotics. The cephalosporins are active against most strains of Staphylococcus aureus and Staph. epidermis, which are the most common organisms causing infection following orthopaedic surgery. 5 Cefazolin, a firstgeneration cephalosporin, is commonly used for prophylaxis during joint replacement because of its broad spectrum, favourable pharmacokinetics, good safety profile and better bone penetration. 4 In this study we measured the antibiotic concentration, the characteristics of antibiotic release and the ability of freshfrozen femoral heads harvested during arthroplasty of the hip to eradicate bacteria.
Materials and Methods
The study was approved by the institutional review board, and written informed consent was provided by all participants. Between September and December 2009, patients with advanced arthritis of the hip or Garden grade III or IV fracture of the neck of the femur 6 who were scheduled for primary total hip replacement (THR) or primary hemiarthroplasty were asked to participate in this study. Patients with significant comorbidity such as renal impairment, liver dysfunction, malignancy, or known allergy to cephalosporin were excluded.
As a prophylactic antibiotic 1 g of cefazolin (Chi Sheng, Taipei, Taiwan) was given intravenously 30 minutes before the operation. The femoral heads were excised and irrigated with normal saline to remove the surface blood clot in an aseptic manner. After removal of the cartilage, the heads were morsellised to fragments of 2 mm to 3 mm in diameter using a Bone Mill (Medicon, Tuttlingen, Germany). The bone fragments were stored at -80°C for two weeks before conducting the cefazolin broth elution assay or antibiotic bioassay. Antibiotic broth elution assay. After thawing, 2 g of bone fragments were placed in polypropylene tubes with 5 ml phosphate-buffered saline (PBS, pH 7.3) and were shaken in a rotator at 37°C. The study was continued for ten days, with daily transfer of the bone into a test tube with PBS after washing in saline. The cumulative and daily releases of cefazolin were measured, and 2 ml elution samples of PBS were collected at eight intervals on days 1 to 7 and 10 and stored at -80°C until analysis.
The concentrations of antibiotic were determined using high-performance liquid chromatography (HPLC) using a model ALC 717 chromatograph (Waters Associates, Milford, Massachusetts) with a stainless-steel column (300 mm × 3.9 mm, 10 μm particle size). The mobile phase consisted of 50% methanol in 50% d 2 H 2 O. The HPLC system had a sensitivity of 0.1 μg/ml for cefazolin. The concentrations of cefazolin in the bone samples were obtained from the HPLC analysis by comparison with daily prepared standard curves, relating the peak area to concentrations of cefazolin. Antibiotic bioassay. The bioactivity of fresh-frozen allograft was determined using an agar disc diffusion bioassay with Staph. aureus (ATCC 25923, minimally inhibitory concentration to cefazolin: 1 μg/ml). 7 The technique was based on the inhibitory activity of discs containing a standardised concentration of cefazolin (PDM DiagnosticDiscs, AB Biodisk, Solna, Sweden). The standard paper discs and the test allograft were placed on the Staph. aureus-seeded agar and incubated overnight at 37°C.
In order to determine the bioactivity of cefazolin in the broth elution fluid, aliquots from the same samples were analysed by a standardised bioassay (National Committee for Clinical Laboratory Standards, USA, 1993). The tube dilution bioassay was used with serial twofold dilutions. The same strain of Staph. aureus was chosen as the test organism. Statistical analysis. The bone graft from each donor and the antimicrobial concentration at each time point were sampled and tested in triplicate. The results are reported as mean (SD). We used Student's t-test to determine statistical differences in the antibiotic concentrations between the osteoarthritis and fracture groups. A p-value of < 0.01 was considered significant.
Results
For the osteoarthritis group we enrolled ten patients (ten hips) who had undergone primary THR between September and December 2009, and who met the inclusion criteria for the study. There were four women and six men, with a mean age of 57 years (30 to 81). During the same period we collected a fracture group of ten patients (ten hips) with a displaced fracture of the neck of the femur who had a primary hemiarthroplasty. There were seven women and three men, with a mean age of 74 years (61 to 89).
After storage at -80°C for two weeks, all of the allografts from patients with osteoarthritis showed an inhibitory effect against bacteria in the agar disc diffusion bioassays (Fig. 1) . However, this effect was only observed in some of the allografts from the patients with a fracture (Fig. 1) . Cefazolin was detected in the broth elution fluid during the first four days following shaking in PBS (Fig. 2) . The freshfrozen bone showed an initial release during the first day, which was more than twice as high in the osteoarthritis group as in the fracture group (Fig. 2) (p < 0.01) . The rate of release decreased rapidly during the next few days. On the first day, the cefazolin concentration was 69 (SD 10.6) μg/g of bone in the osteoarthritis group and 30 (SD 6.8) μg/g of bone in the fracture group. The concentration then gradually dropped to 2.4 (SD 0.9) μg/g bone and 2.1 (SD 0.8) μg/g bone in the osteoarthritis and fracture groups, respectively, on the fourth day. There was very little further release after the fifth day in both groups. The total The fresh-frozen morsellised bone exhibited an inhibitory effect against bacteria, as determined by agar disc diffusion bioassay with Staphyloccus aureus (ATCC 25923) (OA, osteoarthritis group; Fx, femoral neck fracture group). Additional cefazolin released from fresh-frozen morsellised bone in broth elution assay. The data are presented as the amount of additional absolute release of cefazolin in 1 g of bone per day. Data are expressed as mean ± standard error of mean (SEM) for femoral heads from ten donors for each group ( * significant difference (p < 0.01) between the two groups (OA, osteoarthritis group; Fx, femoral neck fracture group).
cumulative release after ten days was 98.4 (SD 14) μg/g bone from the osteoarthritis and 46.6 (SD 10.5) μg/g bone from the fracture group (Fig. 3) . At all time points the cumulative release from the osteoarthritis group was significantly higher than from the fracture group (Fig. 3) (p < 0.01). The bioassay of the sample fluid confirmed the bioactivity of the released cefazolin against the test microorganism (Staph. aureus) in the tube dilution bioassay.
Discussion
We have confirmed that the administration of cefazolin before surgery results in its presence in fresh-frozen femoral heads. The morsellised fresh-frozen femoral heads from patients with a hip arthroplasty exhibited inhibitory effects against bacteria in vitro after two weeks of deep-frozen storage, with those from patients with osteoarthritis having a significantly higher content of cefazolin than those with fractures of the femoral neck. The fracture might disrupt the major blood supply to the femoral head, 8 resulting in only a limited amount of cefazolin reaching the head.
The availability of the bone, reduction in the operation time and the absence of donor site morbidity are reasons for using an allograft. Typically, between 1% and 22% of the donated bone grafts are found to be contaminated and cannot be used, 9,10 the higher percentages usually occurring in large cadaver allografts. Femoral heads from living donors show lower rates of contamination. 11 The concentration of antibiotics in the femoral heads retrieved from living donors might contribute to this.
Allograft bone may serve as a dead foreign body that is not protected by the local cellular defence mechanisms. Infection rates of 4% to 12% have been reported following implantation of allograft. 12 Tomford et al, 13 in a retrospective study, found that all infections related to the use of allografts occurred in patients who received a large allograft, such as an osteo-articular or diaphyseal graft, harvested from cadaver donors. No infection was seen when using femoral heads harvested from patients at THR. 13 Similar results were described by Hart, Campbell and Kartub 14 who found no infection after the use of frozen femoral head allografts in 101 patients. The reasons for the difference in the incidence of infection between large bone and a femoral head allograft were difficult to determine. Large bone allografts were always used in patients with failed joint arthroplasty or after resection for tumour. These were all long operations, involving extensive soft-tissue dissection and large loss of blood. 13 These factors lead to a higher risk of infection. 15, 16 In this study, the fresh-frozen femoral heads released cefazolin above the minimal inhibitory concentration of the test strain (Staph. aureus; MIC, 1 μg/ml) for up to four days. The concentration of cefazolin in the femoral head might contribute to the reduction in the incidence of infection after allograft implantation. However, the smaller amount released from the femoral head following fracture may give a local concentration of antibiotic which may be too low or not maintained long enough to prevent infection and it may induce antibiotic resistance. 17 The stability of the antibiotic is another concern. In an in vitro study, Robinson et al 18 observed that the degradation of a cefazolin solution did not exceed 10% and 20% after storage at 38°C for 48 hours and 96 hours, respectively. Cefazolin should therefore be stable in fresh-frozen femoral heads after implantation for up to four days. Based on the standardised single-disc susceptibility test, 19 a 30 μg cefazolin disc should be interpreted to indicate whether the tested organism is likely to respond to treatment. The 30 μg cefazolin disc gave a zone diameter between 15 mm and 20 mm for the test strain of Staph. aureus used in this study. Based on the results of the broth elution assay, most of the allografts released cefazolin, which was > 30 μg/g of bone (69 (SD 10) for osteoarthritis and 30 (SD 6.8) μg/g of bone for the fracture group) on the first day of shaking. In addition, the broth elution samples showed compatible inhibition of the bacteria to the standard cefazolin solution in tube dilution bioassay. This showed that the HPLC method was capable of measuring cefazolin in the broth elution samples. However, every allograft from patients with osteoarthritis and some in the fracture group provided inhibitory effects against bacteria in the agar disc diffusion bioassay (Fig. 2) , suggesting that limited amounts of antibiotic leaked out of the bone graft into the agar. Broth elution provided a higher efficiency of antibiotic release than did agar disc diffusion. Our preliminary studies have shown that pressing the bone graft deeper into the agar enlarges the zone of inhibition, indicating that more antibiotic is being released from the graft.
In this study, the cefazolin concentration in fresh-frozen femoral heads was much higher than the penetration characteristic of cefazolin in bone (2.0 μg/g to 18.7 μg/g bone), as reported in the literature. 4, 20 This may be because Cumulative cefazolin released from fresh-frozen morsellised bone in broth elution assay. The data are expressed as the cumulative amount of cefazolin in 1 g of bone. Data are expressed as mean ± standard error of mean (SEM) for femoral head from ten donors from each group ( * Significant difference (p < 0.01) between the two groups. OA, osteoarthritis group; Fx, femoral neck fracture group).
our morsellised specimens of frozen bone were not free of blood, unlike those used in the bone penetration study. 4 The blood in the vessels in our test bone might have contributed to the higher content of cefazolin.
There are several limitations to our study. First, this is an in vitro study that does not necessarily reflect clinical circumstances. The quantity and flow of blood, limb mobility, host response and the stability of antibiotic in vivo were not taken into account. Second, all patients who had abnormal liver and renal function before operation were excluded. We do not know the antibiotic content in bones of patients with abnormal hepatic or renal function. Cefazolin is mostly excreted in urine. Third, morsellised bone was used. We do not know the characteristics of antibiotic release from a femoral head that has not been morsellised. Fourth, the morsellised bone was stored at -80°C for two weeks. We do not know whether a longer storage time would make any difference to the characteristics of antibiotic release or the ability to eradicate bacteria from fresh-frozen femoral heads. However, because the specimens in our study were all prepared and tested in a uniform and reproducible manner, these results should provide useful information.
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